The role of Na+ in the regulation of cell growth was examined in quiescent, high-density cultures of kidney epithelial cells of the BSC-1 line. The addition of NaCl to the medium increased the number of cells initiating DNA synthesis in a concentration-dependent manner after serum stimulation.
Many factors appear to play a role in the regulation of animal cell proliferation (1, 2) . In cells grown in culture, important materials are hormones and growth factors found in normal serum (3) (4) (5) (6) , low molecular weight nutrients (7) (8) (9) , cyclic nucleotides (10, 11) , and inhibitors made by the cells (12) (13) (14) . In addition, an important role for Na+ during the initiation of cell growth has been suggested by studies of serum-stimulated quiescent fibroblasts (15) , fertilized sea urchin eggs (16) , and regenerating liver after partial hepatectomy (17) . Na+ also might act as a mediator of the kidney growth that occurs in rats fed a potassium-deficient diet (18) (19) (20) . In these animals, renal cell proliferation is associated with increased uptake of other cationic species such as lysine and choline, perhaps to maintain electroneutrality during potassium loss (21) . Furthermore, renal cells in vivo are normally exposed to a far greater transcellular Na+ flux than are other cells because large quantities of NaCl (24 mol/day in man) must be reabsorbed from the glomerular filtrate, transported across the tubular epithelium, and thereby returned to the blood (22) . To test the hypothesis that Na+ mediates early events during the onset of renal growth, NaCl was added to cultures of the African green monkey kidney epithelial cell line (BSC-1) (23). The effect of NaCl was studied in quiescent, high-density cultures to simulate the low proliferative activity of kidney cells in vivo. The results indicate that Na+ can play a role in the control of growth in these renal cells.
MATERIALS AND METHODS
Cell Cultures. The BSC-1 cells were of the same strain as those used previously in this laboratory (6, 9, 14) . Cells were grown in Dulbecco-Vogt modified Eagle's medium (containing 25 mM glucose) (24) with 1.6 AtM biotin and 1% calf serum at 380C in a CO2 incubator. High-density cultures were prepared by plating 106 cells in 55-mm plastic dishes (Nunc), and the medium was changed twice per week until there were 3-4.5 X 106 cells per dish. Three days after the last medium change, spent medium was removed, the cell layer was washed once with the modified Eagle's medium, and that medium containing 16 AM biotin and 0.01% serum was added. The cultures became quiescent and were used for study 2 England Nuclear; 1 Ci = 3.7 X 1010 becquerels) was measured from 20 to 25 hr after the additions. Cells were then washed and detached from the dish with trypsin, and radioactivity in acid-insoluble material was measured as described (4) . The percentage of nuclei labeled by [methyl-3H]thymidine under these conditions was determined by preparing autoradiograms as described (4), except that Kodak nuclear track emulsion (NTB-2) was used instead of stripping film.
Measurement of Cell Growth. Cells were plated and grown to the desired density as described above. On day 0 the medium was changed to Dulbecco-Vogt modified Eagle's medium containing 1.6 ,uM biotin, specified amounts of calf serum, and NaCl or LiCl. The medium was subsequently changed twice per week. For counting, cells were washed, detached with crystalline trypsin, dispersed (27) , and counted with a Coulter Counter (model FN).
Data were compared by Student's t test; P values <0.05 were accepted as significant.
RESULTS
Effect of NaCl, LiCl, and Sucrose on Initiation of DNA Synthesis. The addition of 5-25 mM NaCl to the medium increased DNA synthesis in a concentration-dependent manner 20-25 hr after serum stimulation (Fig. 1A ). This effect of NaCl was not observed in cultures unstimulated by serum. Fig. 1 B and C shows that the capacity of NaCl to augment DNA synthesis was not the result of increments in either chloride concentration or osmotic pressure. Addition of LiCl increased [3H]thymidine incorporation but at lower concentrations (0.5-7.5 mM) than did NaCl and in cultures unstimulated or stimulated by serum. In contrast to NaCl, the provision of 25 Autoradiograms revealed that the increment in DNA synthesis induced by NaCl represented an increase in the number of cells synthesizing DNA (Fig. 2) . The capacity of NaCl to initiate DNA synthesis was shown to be serum-dependent by autoradiography (Fig. 2) and by measurements of [3H]thymidine incorporation into acid-insoluble material (Fig. 1A) .
Growth Response of BSC-1 Cells to NaCI and LiCl. The growth rate and final cell density of initially confluent cultures was increased by the addition of 25 mM NaCl to the medium (Fig. 3A) . This stimulatory effect of NaCl was observed in Proc. Natl. Acad 10 (Fig. 3B) . Light microscopic examination on day 10 revealed indistinct plasma membranes and a marked decrease in cytoplasmic density. The additon of 5 mM LiCl inhibited cell growth in the presence of 0.l1o, 0.5% or 10% serum. Fig. 4 shows that the effect of NaCl and LiCl on growth was cell-density dependent. Added NaCl (25 mM increased and remained so as cells grew to high density (Fig.  4B) . These effects of NaCl were observed in cultures grown in the presence of 0.1%, 0.5%, and 5% (vol/vol) serum. The addition of LiCI (2.5 mM) did not modify the growth rate of sparse cultures but stimulated growth for 1 wk after confluence was reached (Fig. 4 A and C) . Thereafter, growth ceased as was shown in Fig. 3B . DISCUSSION The results show that increased availability of Na+ in the medium of high-density renal epithelial cell cultures leads to initiation of DNA synthesis in an increased number of cells and to enhanced cell growth. The capacity of Na+ to act as an initiator of DNA synthesis was serum and cell-density dependent.
A role for Na+ as a mediator of cell growth has been suggested in previous studies using a variety of different cell types (15-17, 28, 29) . However, the direct addition of NaCl to cells in culture failed to stimulate proliferation, although there was evidence of cellular hypertrophy and increased glycolytic flux (30) (31) (32) . Experiments in which Li+ served as a marker for Na+ have also been used to support the hypothesis that Na+ is a mediator of cell growth. In these studies serum and mitogenstimulation of quiescent fibroblasts was associated with a rapid increase in Li+ (and presumably Na+) uptake (33) . The addition of Li+ to cultures of mouse mammary gland epithelium (34, 35) and bone marrow stem cells (36) and to human lymphocytes stimulated with phytohemagglutinin (37, 38) resulted in augmented DNA synthesis and cell growth.
In BSC-1 cells, Na+ appeared to act as a mitogen in the presence of serum. That a small increase in extracellular Na+ ions stimulated DNA synthesis suggested an effect mediated by an increment in net Na+ flux rather than intracellular Na+ concentration. Although the mechanism of Na+ action is unknown, an attractive explanation is that serum growth factors could act on susceptible cells in the culture to increase permeability to Na+. Because of the higher extracellular Na+ concentration provided in these experiments, influx of Na+ down its concentration gradient would be enhanced in a concentration-dependent manner. The increased entry of Na+ into the cell would lead to activation of membrane ion-pumping mechanisms (15, 39) to eject Na+ and, thereby, maintain the intracellular Na+ concentration at its low basal level. How the interaction of Na+ with cellular ion pumps could be transduced into a mitogenic signal is not clear, although an effect on membrane electrical potential or on the uptake of certain amino acids, phosphate, and nonelectrolytes could be important (28, (40) (41) (42) (43) (44) .
Li+ also initiated DNA synthesis in a dose-dependent manner, at concentrations that are used to achieve pharmacological effects in patients. Cell growth in the presence of NaCl was reduced at 2, 5, and 9 days (P < 0.02) and enhanced at 23 and 26 days (P < 0.001) compared to control. Growth in the presence of LiCl was increased at 15 and 19 days (P < 0.05) and reduced thereafter (P < 0.001).
and suggested that the ability of this nonphysiological cation to simulate the effect of Na+ is limited: (i) Li+ stimulation of DNA synthesis in quiescent cells did not require serum, whereas Na+ stimulation did; (ii) the addition of 25 mM Li+ inhibited initiation of DNA synthesis, whereas this amount of Na+ stimulated it; and (iii) enhanced cell growth in the presence of Li+ could be maintained for only 7 days, after which growth stopped, whereas growth in the presence of added Na+ was stimulated for at least 26 days. The growth-promoting effect of Li+ occurred at concentrations that were an order of magnitude lower than for Na+, which suggests that Li+, because of its smaller size, can enter cells more readily than Na+, perhaps by using Na+ channels'in the cell membrane (45) .
Previous studies have demonstrated that the interaction of different factors control the growth of BSC-1 cells in culture. These are serum growth factors, and the number of available receptor sites for them on the cell surface, the concentration of low molecular weight nutrients, and the production of growth inhibitors by the cells (6, 9, 14) . The results of this study suggest that Na+ can act as a mediator by which these known and perhaps unknown factors control cell growth. 
